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ABSTRACT 
 
This senior project investigates the relative efficacy of ozonated water and chlorinated 
water for the purpose of sanitizing freshly-harvested organic produce.  The aim of this 
study was to assist the Cal Poly Organic Farm in deciding whether or not to invest in an 
ozone generator.  The crops used for testing were grown organically in the same field.  
Carrots and cilantro were harvested and promptly treated with 5 ppm ozone solution or 
25 ppm sodium hypochlorite solution.  Carrots were sampled at 0, 7, and 14 days storage 
to determine microbial populations.  Cilantro was similarly tested at 0, 6, and 12 days 
storage.  The results indicate that chlorine and ozone both tend to perform similar to 
water in controlling microbes on cilantro.  Chlorine tended to provide superior 
performance in controlling microbes on carrots.  Further experiments are required to 
investigate procedures for ensuring effective treatment in the context of organic 
production.  
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DISCLAIMER STATEMENT 
 
The university makes it clear that the information provided herewith is a project resulting 
from a class assignment, and has been graded and accepted only as fulfillment of a course 
requirement.  Results obtained from this experiment are not guaranteed to be technically 
accurate or applicable to other real-world situations.  Any use of information contained in 
this report is made by the user(s) at his/her own risk.  
 
Therefore, the recipient and/or user of the information contained in this report agrees to 
indemnify, defend, and save harmless the State its officers, agents and employees fromm 
any and all claims and losses accruing or resulting to any person, firm, or corporation 
who may be injured or damaged as a result of the use of this report. 
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INTRODUCTION 
 
Background. 
 
Considerable energy is expended to ensure that food sold in the US is free of 
contaminants and is safe to eat; however, in the past ten years, concerns regarding food 
safety and food-born illnesses have been increasing.  There have been several outbreaks 
of Salmonella enteritidis, Listeria and E. Coli O157:H7, and dozens of people have in 
fact been killed and thousands sickened by these pathogens.  The outbreaks have been 
attributed to the improper handling or sanitation of fresh and fresh-cut produce.   
 
 
Justification. 
 
The Cal Poly Organic Farm has been producing organic produce for the last ten years.  
The farm’s produce gets distributed through farmers’ markets and local supermarkets.  
Many consumers of this produce are concerned about food-borne illnesses, and it is 
important to these consumers that their food be as safe as possible.  A reliable sanitation 
protocol must therefore be in place to ensure the safety of the food produced by the Cal 
Poly Organic Farm.  Currently, chlorine-based compounds are being used to wash and 
sanitize produce grown by the Organic Farm, but there are some concerns regarding 
chlorine use and the development of trihalomethanes.  An alternate method utilizes 
ozone, the allotrope of oxygen containing three oxygen atoms (O3).  Ozone shows 
promise of being a safer and potentially more effective chemical disinfectant, however, 
equipment required for the production of ozone is expensive. 
 
 
Objectives. 
 
The objectives of the following study are to 1) investigate the effects of organically 
(California Certified Organic Farmers)-acceptable levels of ozone and chlorine in 
reducing the microbial load on organic produce when compared to tap water and 2) to 
determine the regrowth of microbes on treated organic produce during 12 or 14 days of 
storage.  The goal of this research is to determine if ozone is a practical replacement for 
chlorine when used to disinfect organic produce.  This determination will assist the Cal 
Poly Organic Farm in deciding whether an ozone generator would be a worthwhile 
investment. 
 
 
 
 
 
2 
 
 
 
LITERATURE REVIEW 
 
Foods we eat are almost never free of microbes, and, generally, provide a good medium 
on which microbes can grow.  Foods contain many different types of microorganisms, 
some of which may cause us harm.  These organisms are introduced to our food during 
harvesting or processing operations, or are naturally present in the raw material.  Most of 
the time, food is consumed safely and without harm; however, sometimes 
microorganisms cause spoilage of food or illness in consumers.  Some of the infectious 
microbes of concern include bacterial pathogens such as Listeria monocytogenes, 
Escherichia coli, and Salmonella (Newell et al., 2010).  E. coli O157:H7 alone is 
estimated to cause 73,000 illnesses and 250 deaths annually in the U.S. (Mead et al., 
1999), and there are also other strains of E. coli that cause illness.  L. monocytogenes 
infections have been on the rise, and are reported to have a fatality rate of 20-30%, 
(Newell et al., 2010).  Yeasts, molds, and aerobic bacteria in general are targeted in 
sanitization processes, as these microbes can affect not only food safety but also the 
storage life and quality of produce (Huis in’t Veld, 1996). 
 
There are different ways to approach the task of making food safe to consume.  Food can 
be processed with intense and/or prolonged heat treatment, as in canning or jarring.  
Chemical treatments are standard for food products that are marketed fresh or frozen.  
One of the most common chemical treatments utilizes chlorine in the form of sodium 
hypochlorite or calcium hypochlorite (Wei et al., 1985). Maintaining a pH between 6.5 
and 7.0 in solution can optimize chlorine’s effectiveness, as can filtration and addition of 
flocculants to capture sediment (Suslow, 2006).  At low concentrations, however, the 
effectiveness of chlorine against certain food-borne illnesses is questionable (Restaino et 
al, 1995).  Chlorine may have the disadvantage of producing off-flavors or odors and 
chloro-organic compounds or other by-products with carcinogenic potential or other 
suspected harmful effects on humans (Suslow, 2006).   
 
Alternatives to chlorinated water include UV, ozone, hydrogen peroxide, and 
peroxyacetic acid (Gil et al, 2009; Suslow, 2006).  Ozone shows particular promise, and 
has become established for use in disinfection of municipal water supplies (Kadre and 
Yousef, 2001).  It is gaining popularity in the food industry, especially now that it has 
received GRAS (Generally Regarded As Safe) status for post-harvest applications on 
unprocessed or minimally processed produce (Kim et al., 1999).  Ozone has the benefit of 
not forming unwanted disinfection by products such as trihalomethanes (Suslow, 2004).  
Aqueous ozone has been shown to be highly effective at killing bacteria and yeasts in 
pure culture at concentrations of less than 1 ppm, though fungal spores have been shown 
to be resistant to ozone treatment (Restaino et al., 1995).  Ozone may have the ability to 
alter the permeability of the fungal spore membrane (Gyurek et al., 1996).  This property 
could be useful when using ozone prior to using chlorine.  Ozone has been shown to have 
a broader effective pH range than that of chlorine (Farooq et al., 1977).  Ozone, however, 
is difficult to dissolve in water at higher temperatures (Suslow, 2004).  Temperature had 
little or no effect on the bacterial disinfection rate of ozone (Achen and Yousef, 2001; 
Kinman, 1975).  It seems that as long as there is a minimal level of residual ozone, 
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temperature of the treatment water is not important.  However, water purity is of greater 
concern.  The presence of ozone-consuming compounds in treatment water can result in 
competition for the chemical (Kadre and Yousef, 2001).  Treatment water should be 
filtered and/or the addition of flocculants should be considered (Suslow, 2004). 
 
Organic production regulations limit what types of chemicals and processing techniques 
may be used, and it has been suggested but not confirmed that these limitations can result 
in an increased risk of food-borne illness (Bourn and Prescott, 2002).  The 
microbiological safety of organic foods is still in question, due to practices such as use of 
animal manure or the prohibition of certain chemical treatments or food processing 
techniques.  Although conventional growers may also use manures, they are also 
permitted to use, for example, much higher concentrations of chlorine for washing 
produce (Suslow, 2006).  Dissolved ozone, at effective concentrations, may provide a 
viable alternative that is more efficacious in the context of organic production and 
processing.  This experiment, while designed to replicate real-world food processing 
scenarios in order to compare the performance of two disinfectants, cannot evaluate the 
efficacy of these disinfectants with respect to specific microbes.  The efficacy of ozone is 
best demonstrated in environments consisting of pure water or a buffer solution with low 
ozone demand (Kadre and Yousef, 2001).  Such an experiment would eliminate a number 
of factors that come into play when using the complex system used to wash fresh 
produce, such as treatment conditions and processes, water quality, and specific microbial 
strains.  Therefore, for this experiment and the following discussion, the efficacies of the 
treatments will be compared with consideration of the many factors that are not 
controlled, because the control or measurement of these factors is beyond the scope of 
this project. 
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PROCEDURES AND METHODS 
 
 
Sampling Procedure. 
 
Organically-grown carrots and cilantro were treated and three replicates were used for 
each crop.  The crops were grown on California Polytechnic’s Certified Organic Farm 
and samples were taken from different locations in a single field.  Both carrot and cilantro 
plantings consisted of 150 foot rows.  Samples were taken at 25 feet, 75 feet, and 125 feet 
from the head of each row.  Carrots were loosened from the soil using a spade, then 
pulled and placed in a plastic bag.  Enough carrots were taken from each sampling 
location to fill a one-gallon plastic bag.  Cilantro was harvested by taking material from 
both the upper and lower portions of the plant, as all of the plants were bolting.  Nine 
bunches were formed from each sampling location, held together with rubber bands, and 
placed in a one-gallon plastic bag (Fig. 1).  The samples were immediately transported to 
Cal Poly’s Pilot Plant for processing.   
 
 
 
Fig. 1.  Samples of cilantro prior to treatment. 
 
Treatment Procedure. 
 
Samples of carrots were brought to the loading dock adjacent to the food-processing 
laboratory.  The carrots were segregated into three separate five-gallon buckets, 
according to sampling location.  The buckets were filled with tap water and the carrots 
were allowed to soak for approximately ten minutes to loosen the soil.  They were then 
removed from the water and all visible soil was removed by rinsing and scrubbing by 
hand.  Washed carrots were then placed into clean one-gallon bags.  Prior to introducing 
the washed samples to the food-processing lab, all surfaces and equipment were sanitized 
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using a 200 ppm solution of sodium hypochlorite.  Nitrile gloves were used, and gloved 
hands were also dipped into a 200 ppm solution of sodium hypochlorite.  All carrots were 
trimmed to remove the greens, leaving approximately ½ inch of stem material (Fig. 2).  A  
 
 
Fig. 2.  Washed and trimmed carrot samples, prior to treatment. 
 
 
pre-mixed solution of 25 ppm sodium hypochlorite was used for the chlorine treatment.  
This solution was adjusted to a pH of 6.5 using citric acid to lower it from its initial pH of 
~7.8.  Ozonated water was produced continuously with dissolved ozone at approximately 
5 ppm.  The pH and temperature of the ozone treatment was measured prior to its use.   
 
Four-hundred grams of carrots from a sampling location were placed into a salad spinner 
and treated with 4 liters of solution (chlorine, ozone, or tap water) for 60 seconds after 
which the solution was drained.  The salad spinner was then capped and pumped 20 times 
to remove residual liquid from the surface of the carrots.  The treated carrots were then 
placed in a labeled plastic bag for storage.  Each bag was tied with a single slipknot to 
ensure closure and easy re-opening.  Following each treatment, the salad spinner was 
rinsed with a 200 ppm solution of sodium hypochlorite, and then rinsed with tap water. 
 
For cilantro, three bunches were placed in a salad spinner and 2 liters of treatment 
solution (chlorine, ozone, or tap water) added per 100 grams of sample.  The cilantro 
bunches were held under the surface of the solution for 60 seconds after which the 
solution was drained (Fig. 3).  The salad spinner was capped and pumped 20 times to 
remove residual liquid from the surface of the cilantro.  Cilantro were then removed from 
the salad spinner and placed in labeled plastic bags.  Each bag was tied with a slipknot to 
ensure closure and easy re-opening.  Following each treatment, the salad spinner was 
rinsed with a 200 ppm solution of sodium hypochlorite, and then rinsed with tap water.  
All treated samples were transported to Cal Poly’s Postharvest Lab within a small Igloo 
cooler to maintain temperature.   
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Fig. 3. Holding bunches of cilantro under the surface of treatment solution 
during treatment. 
 
Storage Procedure. 
 
All samples of carrots and cilantro were stored at 40ºF, 80% R.H.   
 
Testing Procedure. 
 
For carrots, microbial platework was performed on days 0, 7 and 14.  For cilantro, 
microbial platework was performed on day 0, 6, and day 12.  On each sampling date, 
prior to removing samples from storage, all surfaces and equipment were sanitized using 
a 200 ppm solution of sodium hypochlorite.  Nitrile gloves were used throughout the 
testing procedure.  Samples were taken from each bag by opening the slipknot, tilting the 
bag to remove necessary material for testing, then re-tying the slipknot to ensure closure.   
 
Carrots were removed in groups of three, placed on a cutting board and trimmed to 
remove the root tendrils and stems which were discarded.  The carrots were then sliced 
into pieces ~ ½ inch thick.  Eleven grams of sliced carrot were placed in a stomacher bag 
and 99 ml of phosphate buffer solution was added, resulting in an initial material:solution 
dilution of 1:10 (10-1).  The bag was then placed into the stomacher which was run for 
120 seconds.  In a laminar flow hood, a 1 ml sample was taken from the stomacher bag 
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and added to a sterile test tube containing 9 ml of phosphate buffer solution, creating a 
1:100 dilution (10-2).  A 1 ml sample was taken from the 10-2 dilution and added to a 
sterile test tube containing 9 ml of phosphate buffer solution, creating a 1:1,000 dilution 
(10-3).  This process was repeated to yield additional dilutions of 10-4,  
10-4 and 10-6.  Sterile, disposable pipettes were used for each dilution.   
 
Dilutions were pipetted onto 3M (St. Paul, MN) Petri films designed to test for aerobes 
(APC), coliforms/E. coli and yeasts/molds (Y/M).  A 1ml sample of each dilution was 
transferred to each film by lifting up the upper film, pipetting the 1ml sample directly 
onto the middle of the film surface, then carefully lowering the upper film.  The sample 
was then spread, gently pressing down using a specialized 3M spreader plate.  Once all 
films were inoculated, the APC and coliform/E. coli films were placed in an incubator set 
to 35°C.  The Y/M films were placed in a small cardboard box directly adjacent to a 
compressor, providing a constant source of heat.  The APC and coliform/E. coli films 
were incubated for 36 to 48 hours.  The Y/M films were incubated for three to five days.  
Counts were conducted by placing the films on an illuminated table and counting colony-
forming units (CFU’s).  When counting the APC films, all dots were considered to be 
CFU’s.  When counting the coliform/E. coli films, dots with an air bubble were counted 
as coliforms, while blue dots with an air bubble were considered to be E. coli.  When 
counting the Y/M plates, well-defined blue dots were counted as yeasts, while less-
defined growths of various colors were considered to be molds.   
 
These procedures were repeated for cilantro with the following differences:  Single 
bunches of cilantros were used for each sample, thus one bunch was removed at a time, 
and all material below the rubber band was cut off.  This effectively removed most of the 
stem material.  The remaining leafy material was sliced into segments of ~1 inch before 
weighing and stomaching (Fig. 4, 5), dilution (Fig. 6), plating (Fig. 7), incubation (Fig. 8) 
and counting (Fig. 9).  
 
Data was analyzed using PROC GLM of SAS 9.2 (SAS Institute, Raleigh, NC) to 
determine ANOVA’s.  Before running PROC GLM, PROC Univariate was used to 
determine that the microbial data was not normal in distribution.  Therefore, for analysis, 
the data was log transformed to achieve normality.  As a consequence, all means reported 
in this study are geometric rather than arithmetic means. 
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Fig. 4.  Slicing and weighing cilantro. 
 
 
 
 
 
Fig. 5.  Stomaching sliced cilantro with buffer solution. 
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Fig. 6. Performing dilution series with buffered solution obtained from 
stomached cilantro. 
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Fig. 7.  Placing 1 ml samples from dilution series on Petri films. 
 
 
 
 
 
 
Fig. 8.  Aerobic plate count (APC) Petri films placed in incubator set at 
35°C. 
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Fig. 9. Counting colony-forming units (CFU's) on Petri films after 
incubation at 35°C. 
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RESULTS 
 
 
No coliforms or E. coli were obtained from any of the samples (Table 1, 2).  Microbial 
population tended to increase on the cilantro with storage time (Table 2).  In respect to 
growth of aerobic bacteria, there was a similar level of control whether water, chlorine or 
ozone was used as a disinfectant (Table 1; Fig. 10).  In contrast to the results for aerobes, 
plain and ozonated water tended to provide a greater level of control than chlorinated 
water with respect to yeasts (Table 1).  
 
 
  
Table 1.  Effect of disinfectant treatments on microbial growth on stored cilantro without 
respect to storage time.  The overall means represented are geometric means of 
the data due to log transformation of the data to increase normality. 
  
   
Disinfectant Aerobes Coliforms Yeasts Molds   
 
Water 470,543.7 a z 0.0 39.2 a 294.0 a 
Chlorine 1,123,311.0 a 0.0 977.7 b 27.8 a 
Ozone 512,507.2 a 0.0 102.2 a 197.2 a 
  
z Means in a column with the same letter are not significantly different at the 95% 
confidence level according to Duncan’s Multiple Range Test. 
 
 
 
  
Table 2.  Effect of disinfectant treatments on microbial growth on stored cilantro without 
respect to disinfectant treatment.  The overall means represented are geometric 
means of the data due to log transformation of the data to increase normality. 
  
   
Store Time Aerobes Coliforms Yeasts Molds   
 
Day 0 111,455.1 a z 0.0 68.2 a 5.6 a 
Day 6 1,488,332.6 b 0.0 0.0 a 76.4 b 
Day 12 1,633,052.0 b 0.0 57,477.8 a 3786.2 c 
  
z Means in a column with the same letter are not significantly different at the 95% 
confidence level according to Duncan’s Multiple Range Test. 
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Fig. 3. Changes in the populations of aerobic bacteria on treated cilantro as affected 
by disinfectant treatment and days in storage at 40°F, 90% RH.  The overall 
means represented are geometric means of the data due to log transformation 
of the data to increase normality. 
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With respect to control of yeasts on cilantro, water and ozone both provided the same 
level of control throughout storage (Fig. 11).  Initially, ozone and water provided better 
control of yeasts than chlorine.  After day 0, however, yeast populations were similar 
regardless of disinfectant treatment. 
 
 
 
 
Fig. 4. Changes in the populations of yeasts on treated cilantro as affected by 
disinfectant treatment and days in storage at 40°F, 90% RH.  The overall 
means represented are geometric means of the data due to log transformation 
of the data to increase normality. 
 
Data for graph with mean separationsz: 
 
Days in Storage Water Chlorine Ozone  
 0 0.0 a 11,857.7 b 26.7 a 
 6 0.0 a 0.0 a 0.0 a 
 12 60,269.8 a 78,777.1 a 39,994.5 a 
      
z
 Means in a row with the same letter are not significantly 
different at the 95% confidence level according to Duncan’s 
Multiple Range Test. 
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Initially, a similar level of control for molds on cilantro occurred regardless of 
disinfectant wash (Fig. 12).  On day 6, chlorine provided a greater level of control than 
plain water but by day 12 in storage, all cilantro had similar levels of mold. 
 
 
 
 
 
 
 
Fig. 5. Changes in the populations of molds on treated cilantro as affected by 
disinfectant treatment and days in storage at 40°F, 90% RH.  The overall 
means represented are geometric means of the data due to log transformation 
of the data to increase normality. 
 
Data for graph with mean separationsz: 
 
Days in Storage Water Chlorine Ozone  
 0 14.4 a 0.0 a 11.9 a 
 6 467.3 a 5.5 b 172.1 ab 
 12 3,769.6 a 3,859.2 a 3,729.9 a 
 
z
 Means in a row with the same letter are not significantly different at the 
 95% confidence level according to Duncan’s Multiple Range Test. 
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The population of aerobes was greater on carrots washed with water compared to carrots 
washed with chlorine or ozone (Table 3).  Chlorine and ozone were equally efficacious in 
controlling aerobic bacteria.  For yeasts, chlorine provided a greater level of control than 
either water or ozone, and water and ozone were equally efficacious in controlling yeasts. 
 
 
  
Table 3.  Effect of disinfectant treatments on microbial growth on stored carrot without 
respect to storage time.  The overall means represented are geometric means of 
the data due to log transformation of the data to increase normality. 
  
   
Disinfectant Aerobes Coliforms Yeasts Molds   
       
Water 118,004.9 a z 0.0 340.3 a 0.0 
Chlorine 25,638.9 b 0.0 5.7 b 0.0 
Ozone 44,126.6 b 0.0 308.7 a 0.0 
  
z Means in a column with the same letter are not significantly different at the 95% 
confidence level according to Duncan’s Multiple Range Test. 
 
 
Initially after treatment, aerobic bacteria and yeasts increased on the carrots, regardless of 
treatment and the population of aerobes tended to increase with increasing storage time 
(Table 4).  No populations of coliforms or molds were measurable on treated carrots at 
any point during storage.  
 
  
Table 4.  Effect of disinfectant treatments on microbial growth on stored carrot without 
respect to disinfectant treatment.  The overall means represented are geometric 
means of the data due to log transformation of the data to increase normality. 
  
   
Store Time Aerobes Coliforms Yeasts Molds   
       
Day 0 11,841.3 a z 0.0 3.2 a 0.0 
Day 7 95,499.3 b 0.0 783.2 b 0.0 
Day 14 118,059.2 b 0.0 234.0 b 0.0 
  
z Means in a column with the same letter are not significantly different at the 95% 
confidence level according to Duncan’s Multiple Range Test. 
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Aerobic bacteria tended to increase in storage regardless of disinfectant treatment (Fig. 
13).  Treatment with chlorine and ozone reduced the population of aerobes after 7 or 14 
days storage compared to carrots treated with water.  Overall, with carrots, chlorine 
tended to be the best disinfectant. 
 
 
 
 
 
Fig. 6. Changes in the populations of aerobic bacteria on treated carrot as affected by 
disinfectant treatment and days in storage at 40°F, 90% RH.  The overall 
means represented are geometric means of the data due to log transformation 
of the data to increase normality. 
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Yeasts increased in storage when carrots were treated with water or ozone (Fig. 14).  
Ozone had little effect in reducing yeast populations during storage.  Overall, with 
carrots, chlorine tended to be the best disinfectant for controlling yeasts. 
 
 
 
 
 
Fig. 7. Changes in the populations of yeasts on treated carrots as affected by 
disinfectant treatment and days in storage at 40°F, 90% RH.  The overall 
means represented are geometric means of the data due to log transformation 
of the data to increase normality. 
 
Data for graph with mean separationsz: 
 
Days in Storage Water Chlorine Ozone  
 0 5.6 a 0.0 a 6.0 a 
 7 1,712.8 a 181.1 b 1,549.5 a 
 14 4,075.7 a 0.0 b 3,144.1 a 
   
z
 Means in a row with the same letter are not significantly 
different at the 95% confidence level according to Duncan’s 
Multiple Range Test. 
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DISCUSSION 
 
 
There was no significant difference between ozone, chlorine, or water in controlling 
aerobic bacteria on cilantro.  There tended to be some control of molds with chlorine, but 
it did not persist during storage.  There was also little or no difference between ozone, 
chlorine, and water in controlling the growth of yeasts on cilantro.  These results suggest 
that water is just as effective as either disinfectant in controlling aerobes, yeasts, and 
molds on stored cilantro.  No populations of coliforms or E. coli were measurable, thus 
no statements can be made about either disinfectant’s ability to control these microbes on 
cilantro.  It is notable that plain water provided a level of control that was comparable to 
both disinfectants.  This may indicate that higher concentrations of these disinfectants 
and/or changes to the treatment process may be required to obtain more effective control 
of microbes on leafy crops.  
 
Overall, ozone and chlorine both performed better than water in controlling aerobic 
bacterial growth on carrots and chlorine was significantly better at reducing bacterial 
populations during storage than water alone.  Chlorine suppressed yeast growth during 14 
days storage but ozone had little effect. No measurable populations of molds, coliforms 
or E. coli  occurred on the carrots during storage, and thus no statements can be made 
about either disinfectant’s ability to control the growth of these organisms.   
 
Neither chlorine nor ozone was shown to suppress microbial growth on cilantro, and 
ozone was ineffective in controlling microbial growth on carrots.  However, 25 ppm of 
chlorine was shown to be more effective than water in disinfecting carrot roots.  
Therefore, based on this study, ozone cannot be recommended as a suitable replacement 
for chlorine in the context of organic production. 
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RECOMMENDATIONS 
 
 
It is recommended that more experiments be performed to investigate efficacy of ozone 
and chlorine on different root crops.  Specifically, the following questions should be 
addressed: 
 
• Would the addition of agitation or mechanical force during the washing process 
enhance the effects of the disinfectants? 
• Would a longer contact time increase the effectiveness of the disinfectants?  
• Would an initial wash with chlorine followed by a wash with ozone provide 
superior control of microbes? 
 
Since the disinfectants overall seemed to perform no better than water on cilantro, it is 
recommended that more experiments be performed to investigate methods of enhancing 
the efficacy of the disinfectants.  Specifically, the following questions should be 
addressed: 
 
• Would a better level of control be attained on leafy vegetables if a pre-wash were 
used? 
• Would a better level of control be attained on leafy vegetables if a longer contact 
time were used? 
• Would use of organically-acceptable wetting agents or surfactants enhance the 
effects of the disinfectants on leafy crops? 
• Would a better level of control be attained on leafy vegetables with the addition of 
agitation or mechanical force during the washing process? 
• Does ozone treatment affect shelf life or quality of leafy vegetables or herbs? 
 
 
The cilantro was not pre-washed, since this is not typically done commercially.  
However, a pre-wash may be warranted if it has potential for providing better control of 
microbes, if it does not affect quality or shelf life.  Controlled agitation was not used 
during the washing process in this experiment.  In commercial vegetable packing lines, 
there are generally jets or flumes involved with sanitation treatments to enhance the 
exposure of product surfaces to disinfectants.  The importance of ensuring that 
disinfectants contact targeted microbial cells has been emphasized in previous literature 
(Kadre et al., 2001).  Therefore, when dealing with leafy crops such as cilantro with 
higher surface area to mass ratios, this may prove to be vital in attaining effective control 
of microbes.  The combination of chlorine and ozone, whether used simultaneously or in 
series, is another treatment strategy that should be investigated. 
 
It is recommended that the Cal Poly Organic Farm continue to disinfect produce with 
chlorine, since more testing is required to determine whether ozone can be used as an 
acceptable replacement for chlorine on leafy crops.  If an ozone generator is put into use 
on the farm, it is recommended that water quality should be addressed in each treatment. 
It is also recommended that the farm create a standard operating procedure for each 
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commodity to be sanitized.  Such procedures would have to ensure that recontamination 
of the commodities would not occur after disinfection 
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HOW PROJECT MEETS REQUIREMENTS FOR THE ASM MAJOR 
 
 
The ASM senior project must include a problem solving experience that incorporates the 
application of technology and the organizational skills of business and management, and 
quantitative, analytical problem solving.  This project addresses these issues as follows: 
 
Application of agricultural technology.  This project applies several types of agricultural 
technology, including chemical and mechanical processes. 
Application of business and/or management skills.  This project requires extensive 
planning and time management, as well as coordination with multiple persons with 
expertise in post-harvest technology and food processing. 
Quantitative, analytical problem solving.  The experimental design and statistical analysis 
of this project meet this requirement by providing an opportunity to take part in the 
planning and execution of a carefully designed scientific experiment, as well as data 
collection and analysis. 
Incorporates and integrates knowledge from previous coursework.  The experimental 
design, statistical analysis, and microbiological aspects of the experiment require 
integration of knowledge from several science courses previously completed.  
Systems approach. This project requires taking a systems approach in terms of planning 
and executing the many different steps of the experiment. 
Interdisciplinary features.  This project contains microbiological, food safety, and 
postharvest technology/food processing features. 
Specialized agricultural knowledge.  This project requires specialized agricultural 
knowledge in terms of knowledge of the handling and sanitation of fresh organic 
produce, associated regulations with respect to organic production, and also knowledge 
of food safety and microbial pathogens.  
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MICROBIAL POPULATION DATA 
 
 
Crop Treat Rep Day Aerobes Coliforms E. coli Yeast Molds 
Carrot 1 1 0 21200 0 0 - - 
Carrot 1 2 0 9400 0 0 - - 
Carrot 1 3 0 125000 0 0 180 - 
Carrot 1 1 7 130000 0 0 520 - 
Carrot 1 2 7 134000 0 0 2100 - 
Carrot 1 3 7 500000 0 0 4600 - 
Carrot 1 1 14 252000 0 0 6300 - 
Carrot 1 2 14 131000 0 0 2500 - 
Carrot 1 3 14 620000 0 0 4300 - 
Carrot 2 1 0 42000 0 0 - - 
Carrot 2 2 0 3055 0 0 - - 
Carrot 2 3 0 1470 0 0 - - 
Carrot 2 1 7 56000 0 0 180 - 
Carrot 2 2 7 48000 0 0 100 - 
Carrot 2 3 7 77000 0 0 330 - 
Carrot 2 1 14 31000 0 0 - - 
Carrot 2 2 14 38000 0 0 - - 
Carrot 2 3 14 104000 0 0 - - 
Carrot 3 1 0 8000 0 0 - - 
Carrot 3 2 0 8700 0 0 - - 
Carrot 3 3 0 14000 0 0 220 - 
Carrot 3 1 7 45000 0 0 1505 - 
Carrot 3 2 7 79000 0 0 1580 - 
Carrot 3 3 7 103000 0 0 1565 - 
Carrot 3 1 14 103000 0 0 3700 - 
Carrot 3 2 14 125000 0 0 2100 - 
Carrot 3 3 14 138000 0 0 4000 - 
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Crop Treat Rep Day Aerobes Coliforms E. coli Yeast Molds 
Cilantro 1 1 0 13400 0 0 - 3000 
Cilantro 1 2 0 88000 0 0 - - 
Cilantro 1 3 0 186000 0 0 - - 
Cilantro 1 1 6 184000 0 0 - 210 
Cilantro 1 2 6 870000 0 0 - 270 
Cilantro 1 3 6 7300000 0 0 - 1800 
Cilantro 1 1 12 1120000 0 0 51000 3400 
Cilantro 1 2 12 1220000 0 0 58000 4500 
Cilantro 1 3 12 3230000 0 0 74000 3500 
Cilantro 2 1 0 193000 0 0 16650 - 
Cilantro 2 2 0 270000 0 0 1700 - 
Cilantro 2 3 0 186000 0 0 59000 - 
Cilantro 2 1 6 790000 0 0 - 170 
Cilantro 2 2 6 19600000 0 0 - - 
Cilantro 2 3 6 236000 0 0 - - 
Cilantro 2 1 12 2440000 0 0 46000 2300 
Cilantro 2 2 12 14800000 0 0 212500 5100 
Cilantro 2 3 12 2225000 0 0 50000 4900 
Cilantro 3 1 0 75000 0 0 19000 - 
Cilantro 3 2 0 140000 0 0 - 1700 
Cilantro 3 3 0 119000 0 0 - - 
Cilantro 3 1 6 17500000 0 0 - 170 
Cilantro 3 2 6 748500 0 0 - 200 
Cilantro 3 3 6 640000 0 0 - 150 
Cilantro 3 1 12 77000 0 0 65000 3100 
Cilantro 3 2 12 1210000 0 0 41000 5400 
Cilantro 3 3 12 2500000 0 0 24000 3100 
 
 
 
 
